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HIGH-TURNING AND HIGH-TRANSONIC BLADE 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 
[ 001 ] The present invention relates to a high-turning and high-transonic blade for use in a blade 

cascade for an axial-flow compressor in which a large number of blades, e.g., ten or more, 
each having an intrados adapted to generate a positive pressure and an extrados adapted to 
generate a negative pressure, disposed in an annular fluid passage. 
DESCRIPTION OF BACKGROUND ART 
[ 002 ] Japanese Patent Application Laid-open No. 7-83 1 96 discloses a blade for an axial-flow 

compressor in which the distribution of curvature of an extrados of the blade is established so 
that the curvature is decreased from a leading edge down to a minimum value, increased 
therefrom up to a maximum value, and then decreased toward a trailing edge, whereby the 
generation of a shock wave at the leading edge is avoided to provide a reduction in pressure 
loss. 

[ 003 ] Japanese Patent Application Laid-open No. 9-256998 discloses a blade for a compressor 

in which the shape of an intrados and the shape of an extrados of a leading edge of the blade 
are asymmetric with respect to a mean camber line, whereby a sudden change in flow speed at 
the leading edge is prevented to provide an increase in compression efficiency. 

[ 004] US Patent No. 4,655,412 describes a wing for an airplane in which an extrados of the 

wing is divided into three regions of different curvatures to provide an enhancement in lift 
characteristic of the blade of the air plane so that the curvature is decreased steeply from a 
large value at a leading edge to a first minimum value in a first region extending to a position 
smaller than 10% of a chord length in the vicinity of the leading edge, and the curvature is 
varied from the first minimum value via a first maximum value to a second minimum value at 



a position smaller than 40% of the chord length in a following second region. 

[006] In the blade of the axial-flow compressor described in Japanese Patent Application 

Laid-open No. 7-83196, the distribution of curvature of the extrados at the leading edge is 
similar to that according to the present invention. However, this blade is of a type having an 
extremely small turning angle and is different in a basic shape and function from a blade of a 
high-turning type to which the present invention is applied. 

[ 007 ] In the blade of the axial-flow compressor described in Japanese Patent Application 

Laid-open No. 9-256998, the distribution of curvature of the extrados at the leading edge is 
similar to that according to the present invention. However, as a front portion or another 
portion of the distribution of curvature is subsonic, the operating condition and function of 
this blade is different from the blade to which the present invention is applied and in which 
the entire curvature distribution is supersonic. 

[ 008 ] In the wing described in US Patent No. 4,655,412, the distribution of curvature of the 

extrados at the leading edge is similar to that according to the present invention. However, as 
this blade is used in an airplane, even if this blade is used in a blade cascade for an axial-flow 
compressor to which the present invention is applied, a desired performance cannot be 
exhibited. 

SUMMARY OF THE INVENTION 

[ 009 ] Accordingly, it is an object of the present invention to control a shock wave generated at 

a leading edge of a high-turning and high-transonic blade for use in a blade cascade of an 
axial-flow compressor, thereby providing a reduction in pressure loss. 

[ 010 ] To achieve the above object, according to a first feature of the present invention, 

there is provided a high-turning and high-transonic blade for use in a blade cascade of an 
axial-flow compressor including a large number of blades, each having an intrados adapted to 



generate a positive pressure and an extrados adapted to generate a negative pressure, disposed 
in an annular fluid passage, wherein a distribution of flow speed on the extrados of the blade 
has a supersonic region of a substantially constant flow speed in the rear of a first large value 
of the flow speed and inside a position corresponding to 15% of a chord length from a leading 
edge. 

With the above arrangement, the distribution of flow speed on the extrados of the 
high-turning and high-transonic blade for use in the blade cascade of the axial-flow 
compressor has the supersonic region of the substantially constant flow speed inside the 
position corresponding to 15% of the chord length in the rear of the first large value of the 
flow speed. Therefore, a first large shock wave is positively generated at a position where the 
flow speed assumes the first large value, whereby an aerodynamic load in the vicinity of the 
leading edge can be increased, and a second shock wave generated in the supersonic region of 
the substantially constant flow speed which is in the rear of the first large value can be 
weakened. As a result, the boundary layer separation due to the second shock wave can be 
suppressed, to thereby remarkably reduce the pressure loss of a following flow on the blade. 
Thus, it is possible to countervail a slight increase in pressure loss of a main flow due to the 
first strong shock wave, to thereby reduce the total pressure loss. 

According to a second feature of the present invention, in addition to the arrangement of 
the first feature, the supersonic region is established so that a value obtained by the division of 
a difference between Mach numbers at front and rear ends of the supersonic region by the 
chord- wise length of the supersonic region is smaller than 1 , and the maximum Mach number 
in the supersonic region is smaller than 1.4. 

With the above arrangement, an increase rate of the flow speed in the supersonic region 
in the rear of the first large value of the flow speed, namely, the value obtained by the division 
of the difference between Mach numbers at the front and rear ends of the supersonic region by 
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the chord-wise length of the supersonic region is smaller than 1, and the maximum Mach 
number in the supersonic region is smaller than L4. This ensures that the second shock wave 
can be weakened, to thereby reliably suppress the boundary layer separation. 

[ 014 ] According to a third feature of the present invention, there is provided a high- turning and 

high-transonic blade for use in a blade cascade of an axial-flow compressor including a large 
number blades, each having an intrados adapted to generate a positive pressure and an 
extrados adapted to generate a negative pressure, disposed in an annular fluid passage, 
wherein a first small value of curvature of the extrados is set to be sufficiently small at a 
leading edge of the blade, and a variation in curvature in the rear of the first small value is set 
to be small, whereby a first strong shock wave is induced at the leading edge to generate a 
pressure loss in a main flow, and a second weak shock wave is induced in the rear of the first 
shock wave to reduce a pressure loss in a following flow on the blade, whereby total pressure 
loss due to the first and second shock waves is reduced. Reduction is in comparison to a 
conventional blade which induces a first weak shock wave at the leading edge and a second 
strong shock wave in the rear of the first shock wave. 

[ 015 ] With the above arrangement, the first large value of curvature of the extrados is set to be 

sufficiently small at the leading edge of the blade, and the variation in curvature in the rear of 
the minimum value is set to be small. Therefore, the first strong shock wave is induced at the 
leading edge to generate the pressure loss in the main flow, and the second weak shock wave 
induced in the rear of the first shock wave is weakened to suppress the boundary layer 
separation, thereby reducing the pressure loss in the following flow on the blade. Therefore, 
the total pressure loss can be reduced by the reduction in pressure loss of the following flow 
on the blade, the reduction far outweighing the offset of the pressure loss of the main flow. 

[016] According to a fourth feature of the present invention, in addition to any of the 

arrangements of the first to third features, the curvature has a first small value inside a 
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position corresponding to 5% of the chord length, the first small value being smaller than 0.6. 
[017 ] With the above arrangement, the position of the first small value of the curvature of the 

extrados at the leading edge of the blade is within 5% of the chord length, the first small value 
being smaller than 0.6. Therefore, an effect of reducing the pressure loss can be exhibited 
most effectively. 

[018 ] According to a fifth feature of the present invention, in addition to any of the 

arrangements of the first to third features, a turning angle of the blade is set to be equal to or 
larger than 40°. 

[019] With the above arrangement, an effect of reducing the pressure loss can be exhibited 

most effectively by setting the turning angle of the blade to be equal to or larger than 40°. 
[020] According to a sixth feature of the present invention, in addition to any of the 

arrangements of the first to third features, the Mach number of the main flow is equal to or 

larger than 0.825 and smaller than 1.0. 
[ 021 ] With the above arrangement, an effect of reducing the pressure loss can be exhibited 

most effectively by setting the Mach number of the main flow to be equal to or larger than 

0.825 and smaller than 1.0. 
[022] The above and other objects, features and advantages of the invention will become 

apparent from the following description of the preferred embodiment taken in conjunction 

with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[023] Fig. 1 is a diagram showing blade cascades in an embodiment of the present invention and 

in a comparative example. 
[ 024 ] Fig.2 is a graph showing distributions of curvatures of extradoses of blades of the 



embodiment and the comparative example. 
[025] Fig.3 is a graph showing distributions of flow speeds on the extrados and an intrados of 

the blade of the embodiment at an inlet Mach number equal to 0.90. 
[026] Fig.4 is a graph showing distributions of flow speeds on an extrados and an intrados of 

the blade of the comparative example at an inlet Mach number equal to 0.89. 
[ 027 ] Figs.5 A and 5B are diagrams showing distributions of flow speeds at leading edges of the 

blades of the embodiment and the comparative example. 
[028 ] Figs.6A and 6B are diagrams showing distributions of loss coefficients of the blades of 

the embodiment and the comparative example. 
[ 029 ] Fig. 7 is a graph showing distributions of loss coefficients in the pitch-wise direction of 

blade cascades of the blades of the embodiment and the comparative example. 
[030 ] Fig.8 is a graph showing variations in loss coefficients of the blades of the embodiment 

and the comparative example with respect to the Mach number. 
[031 ] Fig.9 is a diagram showing shapes of the leading edges of the blades of the embodiment 

and the comparative example. 

DESCRIPTION OF THE PRESENT EMBODIMENT 

[ 032 ] The present invention will now be described by way of an embodiment with reference to 
the accompanying drawings. 

[ 033 ] The present invention relates to a high-turning and high-transonic blade for use in a blade 
cascade for an axial-flow compressor. In Fig.l showing blade cascades, a solid line indicates 
a blade W of the embodiment, and a broken line indicates a blade W of a comparative 
example. Each of the blades W has a intrados Sp (a positive pressure surface) and an extrados 
Ss (a negative pressure surface) each extending from a leading edge El to a trailing edge Et, 
and is of a high-turning type having a large camber line, and a turning angle 9 is equal to or 
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larger than 40°. In the embodiment, a pitch of the blade cascade is defined as 50 % of a chord 
length C (a distance between the leading edge El and the trailing edge Et). 

[034] Fig.2 shows a distribution of curvature of the extrados Ss (negative pressure surface) of 

each of the blades W. The distribution of curvature in the blade W of the embodiment shown 
by a solid line has a first maximum value a immediately in the rear of the leading edge El (a 
0% position), a first large value b in the vicinity of a 40% position, a second large value c in 
the vicinity of a 90% position, and a second maximum value d immediately in front of the 
trailing edge Et (a 100% position). This blade W also has a first small value e in immediately 
in the rear of the first maximum value a, a second small value fin the vicinity of a 70% 
position, and a third small value g immediately in front of the second maximum value d. As 
the first small value e is immediately in the rear of the first maximum value a, its curvature is 
as extremely small as 0.6. Then, the curvature is gently increased from the first small value e 
toward the first large value b. 

[ 035 ] On the other hand, the distribution of curvature in the blade W of the comparative 

example has a large value h in the vicinity of a 1 5% position and a small value i in the vicinity 
of a 70% position. Because the blade W of the comparative example has the large value h in 
the vicinity of the 1 5% position, whereas the blade W of the embodiment has the large value b 
in the vicinity of the 40% position, the variation in curvature in the embodiment is 
accordingly gentler than that of the comparative example. 

[ 036 ] The term "curvature" used herein indicates a curvature non-dimensioned by the chord 

length C. Namely, the curvature is an inverse number of a radius of curvature, but the radius 
of curvature is a value non-dimensioned by the chord length C. Therefore, if an actual radius 
of curvature is equal to the chord length C, the non-dimensioned radius of curvature is 1.0, 
and the curvature is 1.0. If the actual radius of curvature is two times the chord length C, the 
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non-dimensioned radius of curvature is 2.0, and the curvature is 0.5. If the actual radius of 
curvature is one half of the chord length C, the non-dimensioned radius of curvature is 0.5, 
and the curvature is 2.0. 

[037 ] The feature of the blade W of the embodiment lies in the distribution of curvature of the 

extrados Ss in the vicinity of the leading edge El, wherein the blade W has the first small 
value e immediately in the rear of the first maximum value a existing immediately in the rear 
of the leading edge El, and the curvature is gently increased from the first small value e. The 
first small value e is generated in front of the 5% position and is smaller than 0.6. A 
significant feature is provided in a distribution of pressure on the extrados Ss by virtue of the 
distribution of curvature of the extrados Ss in the vicinity of the leading edge El of the blade 
W of the embodiment. 

[038 ] As shown in a portion of Fig.3 surrounded by a broken line circle, in a distribution of 

flow speed on the extrados Ss in the vicinity of the leading edge El of the blade W of the 
embodiment, the Mach number has a first large value j equal to 1 .60 generated immediately in 
the rear of the leading edge El, and is decreased steeply from 1.60 to a first small value k 
equal to 1.30, increased gently therefrom to a second large value 1 equal to 1.35, and then 
decreased again steeply from 1.35. The first small value k is generated in a position 
corresponding to 3.9% of the chord length C, and the second large value I is generated in a 
position corresponding to 12.5% of the chord length C. A Mach number difference AM 
between the first small value k and the second large value I is represented by AM = 1 .35 - 1 .30 
= 0.05. A chord- wise length AX/C between the first small value k and the second large value 
1 is represented by AX/C = 0. 125 - 0.039 = 0.086, and hence a gradient between the first small 
value k and the second large value 1 is represented by AM h- AX/C = 0.58. 

[ 039 ] On the other hand, in Fig.4 showing a distribution of flow speed on the extrados Ss in the 
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vicinity of the leading edge El of the blade W of the comparative example, the Mach number 
has a first large value m equal to 1.47 generated immediately in the rear of the leading edge 
El, and is decreased steeply from 1 .47 to a first small value n equal to 1 .30, increased steeply 
therefrom to a second large value o equal to 1 .44, and then decreased steeply again. 

[040 ] Figs.SA and 5B are diagrams which show distributions of flow speeds at the leading 

edges El of the blades W of the embodiment and the comparative example, in which a more 
densely hatched region indicates a higher flow speed and a stronger shock wave. Figs.6A and 
6B are diagrams which show distributions of loss coefficients of the blades W of the 
embodiment and the comparative example, and in which a more densely hatched region 
indicates a larger loss coefficient, namely, in the order of R4 > R3 > R2 > Rl. 

[041 ] According to the distribution of flow speed on the extrados Ss in the vicinity of the 

leading edge El of the blade W of the embodiment shown in Fig.3, a first shock wave SW1 is 
generated immediately in the rear of the leading edge El and a second shock wave SW2 is 
generated in the rear of the first shock wave SW1 in correspondence to the first and second 
large values] and I of the flow speed, as shown in Fig.SA. The first shock wave SW1 is far 
stronger than the second shock wave SW2. 

[ 042 ] As a result, as shown in Fig.6A, Region R2 having a slightly high loss coefficient in the 

rear of the first and second shock waves SW1 and SW2 is enlarged, but Region R4 having a 
highest loss coefficient in the rear of the blade W is decreased remarkably, whereby the total 
loss coefficient can be decreased. 

[ 043 ] On the other hand, according to the distribution of flow speed on the extrados Ss in the 

vicinity of the leading edge El of the blade W of the comparative example shown in Fig.4, a 
first shock wave SW1 ' is generated immediately in the rear of the leading edge El and a 
second shock wave SW2' is generated in the rear of the first shock wave SWF in 
correspondence to the first and second large values m and o of the flow speed, as shown in 
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Fig.5B. In this case, however, the second shock wave SW2' is stronger than the first shock 
wave SW1 \ Therefore, a large boundary layer separation is generated in the rear of the 
second shock wave SW2\ 

As a result, as shown in Fig.6A, Region R2 having a slightly high loss coefficient in the 
rear of the first and second shock waves SW1 ' and SW2' is decreased, but Region R4 having 
a highest loss coefficient in the rear of the blade W is increased remarkably by the boundary 
layer separation, whereby the total loss coefficient is increased. 

Fig.9 shows the shape of a portion in the vicinity of the leading edge El of each of the 
blades W of the embodiment and the comparative example. 

Fig.7 is a graph showing distributions of loss coefficients in the pitch-wise direction of 
the blade cascades at a location corresponding to 50% of the chord length C. It can be seen 
from Fig.7 that the loss coefficient of the blade W of the embodiment shown by a solid line is 
slightly increased at a main flow section between the adjacent blades of the blade cascade, but 
decreased remarkably at a following flow section of the blade W, and hence the total loss 
coefficient is decreased, as compared with that of the blade W of the comparative example 
shown by a broken line. 

In the blade W of the embodiment, as described above, the first small value e of the 
curvature is provided immediately in the rear of the leading edge El to increase the flow 
speed; the first strong shock wave SW1 is positively generated thereat to increase an 
aerodynamic load in the vicinity of the leading edge El; the first small value e in the rear of 
the first maximum value a of the curvature is decreased sufficiently; and the curvature is 
increased gently therefrom to the rear. Therefore, the second shock wave SW2 generated at a 
front portion of the blade (at a position corresponding to approximately 15% of the chord 
length C), which causes the large boundary layer separation in the rear of the first small value 
e, can be weakened. As a result, the boundary layer separation can be moderated, and the 
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total pressure loss due to the first and second shock waves SW1 and SW2 can be decreased. 
[048] On the other hand, in the blade W of the comparative example, the loss coefficient of a 

main flow is little increased because the first shock wave SW1 * is small, but the boundary 
layer is separated because the second shock wave SW2' is large, whereby the loss coefficient 
of a following flow on the blade W is increased remarkably, resulting in an increase in total 
loss coefficient. 

[ 049 ] Fig. 8 is a graph showing a variation in loss coefficient relative to the Mach number in 

each of the embodiment and the comparative example. Fig. 8 indicates that, in a region of the 
Mach number smaller than 0.825, the loss coefficient in the blade W of the embodiment is 
slightly larger than the loss coefficient in the blade W of the comparative example, but in a 
region of the Mach number equal to or larger than 0.825, the loss coefficient in the blade W of 
the embodiment is remarkably smaller than the loss coefficient in the blade W of the 
comparative example. Therefore, it is confirmed that the embodiment provides a great effect 
of decreasing the loss coefficient. 

[ 050 ] As can be seen from the above description, it is requisite that the distribution of curvature 

in the blade W according to the present invention has a supersonic region of a substantially 
constant flow speed in the rear of the first small value j of the flow speed on the extrados Ss, 
and it is also requisite that the rear end of the supersonic region exists inside a position 
corresponding to 15% of the chord length C (a position corresponding to 12.5% in the 
embodiment). To exhibit the effect of the blade W according to the present invention to the 
maximum, the first small value e of the curvature preferably exists in front of a position 
corresponding to 5% of the chord length C (a position corresponding to 3.9% in the 
embodiment), and is preferably smaller than 0.6. Also, the value of AM + AX/C which is a 
gradient of the supersonic region is preferably smaller than 1 (0.58 in the embodiment), and 
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the maximum Mach number in the supersonic region is smaller than 1.4 (1.35 in the 
embodiment). Further, the inlet speed of the main flow to the blade cascade is preferably a 
high transonic speed equal to or larger than 0.825 and smaller than 1.0 in the terms of Mach 
number. 

[ 051 ] Although the embodiment of the present invention has been described in detail, it will be 

understood that the present invention is not limited to the above-described embodiment, and 
various modifications in design may be made without departing from the subject matter of the 
invention defined in the claims. 



